access to incidental antitobacco messages in clinical settings and elsewhere is limited (Berman, Bernaards, et al., 2006; Berman et al., 2007; Tamaskar et al., 2000) . This culturally and linguistically distinct population uses American Sign Language (ASL), a language that is visual, spatial, and gestural and has its own grammar, morphology, and syntax, as well as other signed languages and modes of communication including signed or spoken English. For many deaf persons, English is a second language, and, on average, high school graduates who are deaf read English at a fourth-grade level (Gallaudet Research Institute, 1996; Holt, Traxler, & Allen, 1997) . Deaf and hard of hearing children and teenagers frequently face issues relating to delayed social development; lack of social acceptance, including stigmatization; poor self-esteem; communication problems; and difficulties with academic performance (Guthmann & Graham, 2004; Kluwin, Stinson, & Colarossi, 2002; Lane, Hoffmeister, & Bahan, 1996; Padden & Humphries, 1988 Titus, Schiller, & Guthmann, 2008) , all of which are predictors of youthful tobacco use in the general population (Baker, Brandon, & Chassin, 2004; Chassin, Presson, & Sherman, 2005; Conrad, Flay, & Hill, 1992; Flay, 1993; Nelson et al., 2008) .
In the present article, we describe research conducted to develop and test a tailored tobacco use prevention curriculum for deaf and hard of hearing children and adolescents. A quasiexperimental nonequivalent control group design that included four schools for the deaf in three states was used. Two schools received the curriculum (intervention condition), and two schools served as noncurriculum controls. We report student outcomes in terms of exposure to prevention education, rates of tobacco use, tobaccorelated attitudes, and tobacco-related knowledge.
Methods

Program Development
A collaboration was established between educators at the California School for the Deaf, Fremont (CSDF), one of California's two schools for the deaf, and researchers at the Division of Cancer Prevention and Control Research, School of Public Health and Jonsson Comprehensive Cancer Center, University of California, Los Angeles (UCLA). Educators from the Marie H. Katzenbach School for the Deaf (Trenton, NJ) joined the CSDF/UCLA group to craft the program. To identify appropriate study procedures and program and survey content, the research team reviewed tobacco education materials available for hearing youth and curriculum for deaf youth in other subject areas; drew on findings from surveys conducted among 467 deaf high school and college students, and in-depth signed interviews with a subset of these young people (Berman et al., 2000 Berman, Bernaards, et al., 2006) ; conducted semistructured interviews with educators in California, an open-ended survey among volunteer faculty at CSDF, and a survey of 166 faculty at the four schools for the deaf participating in the present study, in order to identify programming requirements; obtained recommendations from focus groups conducted among parents, faculty, and junior and senior high school students at a program for deaf and hard of hearing youth not included in the main study; and received critical feedback of curriculum drafts from a national panel of expert educators.
Curriculum
Following the steps we have outlined, the research team developed Hands Off Tobacco! An Anti-Tobacco Program for Deaf Youth, a school-based curriculum for grades 7-12, which, at faculty request, was extended following the study to include grades 5 and 6 (Sternfeld et al., 2004) . The curriculum includes seven lessons at each grade level focusing (appropriately for age and grade) on the health effects of tobacco use (and secondhand smoke exposure); addiction; industry marketing and youth manipulation; antitobacco efforts and social action to change smoking norms and patterns; self-esteem and self-concept; the influence of friends and peers; and decision making. The curriculum features an evidence-based life skills approach (Botvin, 2000; Botvin & Griffin, 2007) ; an emphasis on visual elements, graphic design, and hands-on activities; the use of images of deaf and hard of hearing youth and examples from the lives of deaf and hard of hearing students; appropriate pacing of material, repetition of basic concepts, and simple language usage; the use of interactive teaching strategies including role play and art and art therapy techniques; an emphasis on communication between school, family, and (where appropriate) the school-based living unit; and recommendations for home, schoolwide, and community activities. Homework and classroom work sheets are provided. The content is appropriate for implementation in a range of course settings (e.g., health, social studies, science) and can be used to illustrate concepts in a range of subject areas (e.g., mathematics, history). Each lesson can be delivered in one or more classroom sessions as necessary.
Program Implementation
Four schools for the deaf in three states were recruited to participate in VOLUME 155, NO. 5, 2011
AMERICAN ANNALS OF THE DEAF the quasi-experimental study evaluating the curriculum. Two schools received the curriculum, and two schools served as noncurriculum controls. At all schools, faculty were advised of the research and a program coordinator was appointed to facilitate data collection. At the intervention schools, the coordinator provided support and guidance in all aspects of curriculum implementation, and in-service educational sessions were conducted to familiarize faculty with the materials.
Data Collection
Institutional review board-approved information sheets and consent procedures were used to invite students in grades 7-12 at all schools to participate in the study, which involved completion of student surveys at the start and end of each of 3 consecutive school years. Informed consent was obtained from students and parents or guard ians. The survey time points were baseline (fall 2004), prior to program implementation, and five followup points (spring and fall 2005, spring and fall 2006, and spring 2007). Initially, the plan was to administer the survey in schoolwide or grade-level assemblies by means of written questionnaires and answer sheets, with translation of each item into ASL. However, despite focus group testing in two schools for the deaf that did not participate in the main study, completing the survey proved difficult for many students, and small-group administration allowing for one-toone faculty assistance was implemented. A trained research team member who was deaf and fluent in ASL conducted the surveys at each school, assisted by faculty members. A $5 gift, chosen by the school administration, was given to participating students at each time point.
Instruments
The California Student Tobacco Survey (WestEd), which evaluates the state of California's tobacco education program, was used, with permission, as the basis for the 90-item student survey (McCarthy, Dietsch, Hanson, Zheng, & Aboelata, 2004) . Modifications were made to the instrument to include items relating to deafness, to increase clarity and ease of translation into ASL, and to eliminate items that focus group participants considered confusing or complex for deaf or hard of hearing students. The survey included items on demographic and deafness characteristics; exposure to tobacco use prevention education; tobacco-related knowledge, attitudes, and practices; exposure to tobacco industry marketing; and exposure to antitobacco messages.
Measures
All variables used in the analyses, including tobacco knowledge, attitudes, and practices; exposure to tobacco use prevention and control programming; demographic characteristics (age, gender, race/ethnicity); and demographic and deafness characteristics, were measured using student responses to survey items and were thus based on self-report. The outcome variables were tobacco education exposure score, antitobacco attitude score, tobacco-related knowledge score, current and ever cigarette smoking, and current and ever smokeless tobacco use.
Tobacco Education Exposure Score
We measured exposure to tobacco use prevention and control programming using a composite score based on responses to five survey items:
1. In the past year did you practice ways to say NO to tobacco in any in the past year helped you feel it is okay to say "NO" to friends who offer you cigarettes? (yes = +1, no = -1, not sure = 0, did not learn anything in school about smoking = -1) 5. Was the information you received in school in the past year helpful to you in making decisions about tobacco use? (yes = +1, no = -1, not sure = 0, did not learn anything in school about smoking = -1).
Raw scores, which ranged from -3 to +14, were converted for placement on a scale of 0-100 using the transformation 100 ϫ (raw score -lower bound) / range. Higher scores indicate greater perceived exposure to VOLUME 155, NO. 5, 2011 AMERICAN ANNALS OF THE DEAF tobacco use prevention and control programming.
Antitobacco Attitude Score
We constructed an antitobacco attitude score using responses to five survey items:
1. Young people who smoke cigarettes have more friends. 2. Smoking cigarettes makes young people look cool or fit in. 3. It is safe to smoke for only a year or two, as long as you quit after that. 4. Young people risk hurting their health if they smoke from one to five cigarettes per day. 5. I will lose nonsmoking friends if I smoke cigarettes.
Items 1-3 were scored as yes = -1, no = 1, and not sure = 0. Items 4-5 were scored as yes = 1, no = -1, and not sure = 0. Raw scores were converted for placement on a scale of 0-100 using the transformation procedure described in the preceding section of the present article. Higher scores indicate a more negative attitude toward tobacco use.
Tobacco-Related Knowledge Score
We constructed a tobacco-related knowledge score using responses to 12 survey items: Items 1-9 were scored as yes = +1, no = -1, and not sure = 0. Items 10-12 were scored as yes = -1, no = +1, and not sure= 0. Raw scores were converted for placement on a scale of 0-100 using the transformation procedure described above. Higher scores indicate a higher level of knowledge. Current cigarette smoking was assessed as any cigarette smoking in the past month. Current smokeless tobacco use was similarly assessed as any smokeless tobacco use in the past month. Ever tried cigarette smoking and ever tried smokeless tobacco were also assessed as binary measures.
Data Analysis
Analyses were conducted with SAS Version 9.1 for Windows. We compared baseline demographic and deafness characteristics across schools using chi-square tests for categorical variables and analysis of variance (ANOVA) for continuous variables.
Because of the quasi-experimental nonequivalent control group design, for outcome analyses we conducted comparisons across time within schools rather than comparisons between schools. We did not consider across-school statistical analyses to be appropriate because of the extent to which the student bodies at the participating schools varied demographically. Initially, the plan was to track students' survey responses on an individual basis across time points and conduct longitudinal analyses modeling change in the responses of individual students over time. Tracking codes involving parents' first and last initials and student birth dates were used to maintain anonymity, required because of the inclusion of items regarding practices that are illegal and/or against school rules. Although the tracking code system was successfully implemented in focus groups, students in the actual study did not successfully replicate tracking information provided at baseline at later time points. Thus, the responses of individual students could not be linked across time points in the analyses. This necessitated analyzing the data as cross-sectional. Hence, we compared baseline to each follow-up time point within each school using two-sample t tests for continuous outcomes (tobacco education exposure score, antitobacco attitude score, tobacco-related knowledge score) and chi-square tests for binary outcomes (current and ever cigarette smoking).
In addition, in order to obtain a single estimate of change over time within each school for each outcome, we computed mean change as the difference between the baseline mean and the average of the responses at the last four time points. Since there were approximately four times as many follow-up responses as baseline responses, we gave each follow-up observation a weight of 1 ⁄ 4 in these analyses to make the effective samples sizes for computing the baseline mean and the mean for the four timepoint follow-ups approximately equal. This strategy enabled us to avoid underestimating the standard error for the follow-up mean and thus overstating the statistical significance of the difference. These analyses omitted the second time point as transitional. For continuous outcomes, analyses of mean change were conducted using weighted analyses in the SAS MEANS procedure. For binary outcomes, analyses of change were conducted using Fisher's exact tests (current and ever smokeless tobacco use) or chisquare tests (current and ever cigarette smoking) with weights in the SAS FREQ procedure. All p values are two-sided. Table 1 shows the number of students participating in the present study as a proportion of school enrollment. New enrollees and graduation changed the participant pool over time. Some students were excluded from participation by the school administration because of cognitive impairment. School absences, field trips, and other occurrences also resulted in some students not taking part at some time points. Table 2 provides demographic and deafness characteristics of the student participants at baseline. There were no significant differences among the four schools with regard to gender distribution, proportion of students in the middle and high school grades, or age of onset of hearing loss. There were significant differences in age, with Intervention School 1 having older students. Intervention School 1 also had the highest proportion of students who identified themselves as the only deaf person in their family (75/103, or 73%). The racial/ethnic distribution of students differed among the schools, with Control School 2 having predominantly White students (69/83, or 83%); the other schools were more ethnically diverse. Control School 2 also had the highest proportion of students whose friends were all or almost all deaf (58/83, or 70%).
Results
Participant Characteristics
Exposure to Antitobacco Education
Trends in student self-reports of exposure to tobacco education are shown in Figure 1 , with results of statistical analyses provided in Table 3 . At baseline, students at each of the two intervention schools had mean tobacco education exposure scores of about 37 points; the mean for Control School 1 was about 6 points lower, while the mean for Control School 2 was about 6 points higher. Students at both intervention schools had significant increases in tobacco education exposure scores from baseline to follow-up, with mean increases of more than 5 points. Students at Control School 2 had a significant decrease in their mean tobacco education exposure score, 7.7 points. Students at Control School 1 had no significant change.
Attitudes
Mean antitobacco attitude scores were similar among the four schools at baseline, ranging from about 62 to 70 points. The intervention schools experienced significant improvements in attitude scores from baseline to follow-up of 6.3 and 7.3 points. Control School 1 had no significant change, while Control School 2 had a significant increase of 5.6 points.
Knowledge
Mean tobacco-related knowledge scores at baseline ranged from about 60 points at Intervention School 2 and Note. n = number of surveys received, N = enrollment provided by school. a Separate enrollment numbers were provided for fall and spring of each year. All other schools provided annual enrollment. b Enrollment provided by the school included sixth-grade students, who were not eligible to participate in the survey. The actual percentages of students participating are therefore higher than the percentages reported here. 
Tobacco Use
Trends in student self-reported tobacco use are shown in Figure 2 , with results of statistical analyses presented in Table 4 . At baseline, Intervention School 1 had the highest levels of current cigarette smoking among its students, with 22.7% reporting smoking within the past month. This school had a dramatic decline of 14.8 percentage points, with a 7.9% rate of current smoking at follow-up. Current smoking at baseline was lowest at Intervention School 2, with 9.6% of student respondents reporting smoking in the past month. This school had a nonsignificant drop of 2.1 percentage points at follow-up. At baseline, Control Schools 1 and 2 reported intermediate rates of current smoking of 11.1% and 14.6%, respectively. These schools had decreases in current smoking rates that were not statistically significant. Rates of ever trying cigarette smoking showed a similar pattern. Intervention School 1 had the highest rate at baseline (37.9%), and experienced a drop of more than half, to 18.5%, at follow-up. Intervention School 2 had the lowest rates of ever smoked at baseline, and showed no significant change at follow-up. Control Schools 1 and 2 had decreases of 6.5 and 6.6 percentage points, respectively, which were not significant. Current use of smokeless tobacco at baseline was relatively high at Intervention School 2 and Control School 2 and relatively low at Intervention School 1 and Control School 1 at baseline. Intervention School 2, which had VOLUME 155, NO. Note. Statistical tests for differences among the four schools were conducted using analysis of variance for continuous variables (age) and chi-square tests for categorical variables (all other variables). All p values are two-sided. a Some of the counts do not sum to the totals in this row because of missing data. Table 2 Demographic and Deafness Characteristics of Student Participants at Baseline the highest rate at baseline (7.5%), had a statistically significant decline of 4.9 percentage points. The other three schools had statistically nonsignificant changes. Rates of ever trying smokeless tobacco did not change significantly from baseline to followup at any of the schools.
Discussion
School-based tobacco education is well accepted as an important tobacco use prevention strategy, and deaf youth describe schools as the best place in which to reach them with tobacco use prevention messages (Berman, Bernaards, et al., 2006; Berman et al., 2007) . Nevertheless, research points to the absence of adequate programming for this population, and indicates that schools for the deaf lag in the provision of antitobacco education programs. This is of concern in that there is considerable self-reported ever smoking among deaf youth, albeit less than reported among hearing youth ( Johnston, O'Malley, Bachman, & Schulenberg, 2008) , and transition out of the protective deaf school setting may result in increased risk-taking behavior, including tobacco use, among deaf young adults (Berman, Bernaards, et al., 2006; Berman et al., 2007; Schildroth, Rawlings, & Allen, 1991) . Nearly 40% of respondents at the start of the present study reported living with a smoker, and nearly a third reported pressure to smoke, which is predictive of smoking uptake and a shift to regular tobacco use among adolescents (Baker et al., 2004; Hoffman, Sussman, Unger, & Valente, 2006) . In light of the importance of tobacco use as a health problem, use of tobacco products among deaf youth, and the lack of tailored tobacco education programming available for deaf youth, findings from our first-ever test of a deaf-friendly educational tobacco prevention program for deaf and hard VOLUME 155, NO. of hearing youth are encouraging. We obtained positive results with respect to tobacco education exposure, and student attitudes, knowledge, and tobacco use. Student reports of exposure to antitobacco programming at control schools decreased or did not change during the study years, while students at both intervention schools reported a significant increase in exposure. Antitobacco attitudes increased significantly at both intervention sites and one control school, with greater change occurring at the schools where students received the educational program. Knowledge regarding the health consequences and other outcomes of tobacco use increased at one intervention school, but at neither control school. At the intervention school where current smoking at baseline was greatest among the four participating schools, a significant decline in tobacco use occurred.
Limitations of the Study
In the present study, we attempted to address the tobacco use of deaf and hard of hearing youth by developing and testing a deaf-friendly schoolbased tobacco use prevention curriculum. There are a number of VOLUME 155, NO. ⁄ 4, thus making the effective sample sizes for the baseline-follow-up comparison approximately equal. Column E identifies follow-up time points that were significantly different from baseline at p < .05 by two-sample t tests (unweighted). All p values are two-sided. For all scores, the range of possible values is 0-100. a In some cases, the estimated mean change (column C) does not equal the difference of the baseline and follow-up means (columns A and B) due to rounding. Table 3 Tobacco Education Exposure, Antitobacco Attitude, and Tobacco-Related Knowledge Scores limitations to the study. First, including only schools for the deaf facilitated implementation of the program and data collection, and allowed us to consider the program's impact on a fairly large number of deaf and hard of hearing youth. However, limiting our study to these settings left unanswered the question of how we could implement our program in the diverse mainstream environments where an increasing proportion of deaf and hard of hearing youth receive their education (Holden-Pitt & Diaz, 1998; "Schools and Programs in the United States," 2007). Second, even among schools for the deaf, there are considerable variations in the size and composition of the student body. This fact had implications for the ways in which our program could be tested. Each state in the United States has at most one or two schools for the deaf, and it was not possible to exactly match participating schools on the basis of student demographic characteristics and other attributes. Of particular note, the four schools in our study had different distributions of race/ethnicity among the students, which is important considering that Latino and White adolescents are known to have higher rates of cigarette smoking than African American or Asian American youth ( Johnston et al., 2008) . Third, although participation rates were high, the shifting student population resulting from new enrollments, graduation, and changes in participation at various follow-up time points, and the unexpected failure in the tracking of responses for individual students limited the ability to evaluate the progression of individual perceptions, practices, and knowledge across time. Fourth, although student privacy was maintained in data collection, the need to shift to smaller groups and faculty's greater involvement than VOLUME 155, NO. Comparison of baseline to follow-up was conducted using chisquare tests (any cigarette smoking past month, ever tried cigarette smoking) and Fisher's exact tests (any smokeless tobacco use in past month, ever tried smokeless tobacco). Column E identifies follow-up time points that were significantly different from baseline at p < .05 by chi-square tests (unweighted). All p values are two-sided. a In some cases, the change in percentage points (column C) does not equal the difference of the baseline and follow-up percents (columns A and B) due to rounding. Table 4 Self-Reported Tobacco Use Practices initially intended in administration of the surveys, in addition to the tightknit nature of the community of students and teachers in deaf school settings, did raise some concern about the possible unwillingness of students to candidly report the use of tobacco and other substances.
Finally, intervention school administrators were unwilling to require that faculty implement the curriculum; teachers did so as they saw fit. At Intervention School 2, the administration required that, in the first year, the program be delivered as an after-school voluntary activity as part of the school's life skills program; in the second and third year, the program was included as part of regular health and physical education classroom activities. At Intervention School 1, the program was implemented as part of the health curriculum all 3 years. Differences in declines in current and ever smoking between the two intervention schools may relate to this difference in implementation. It may also reflect the fact that fewer teachers were involved in the program at School 2 than at School 1, or that there was greater opportunity for a decline in smoking at School 1 because of higher rates of reported smoking at baseline.
Teachers were asked, but not required, to report the number and identity of program elements that were implemented, and to complete a brief assessment of each lesson that was used. Faculty comments regarding the curriculum were extremely favorable. Anecdotal evidence, lesson assessments, and end-of-study group debriefing of participating teachers suggested that selected lessons and curriculum elements were implemented successfully. However, there was no evidence of "incidental" use of the program to illustrate points in the context of math, history, or other subject areas. A more detailed accounting of program implementation would improve understanding of the strengths and weaknesses of the program, patterns of uptake, and how the program should be modified to increase its utility.
Despite these challenges and shortcomings, evidence from this first-ever program of research regarding tobacco education in deaf schools is promising. Compared to baseline, at one or both schools where the curriculum was available, students reported increased exposure to tobacco use prevention education, increased tobacco-related knowledge, improved attitudes, and reduced current smoking and smokeless tobacco use. These changes were not observed at the control schools. We consider these results to be particularly impressive because the program was not uniformly or even extensively adopted and integrated into the overall curriculum of the participating intervention schools. Likely, the impact would have been even greater had this integration taken place.
Next Steps
Following completion of the present study, we provided the curriculum to the control sites and made the program available, at no cost, to any educator serving deaf and hard of hearing youth. The curriculum was publicized through articles targeting educators of this population, by word of mouth, through a center where educators seek out classroom materials, and at meetings of educators and public health professionals Berman, Guthmann, & Streja, 2006; . About two dozen copies of the program materials have been requested and distributed.
A substantial body of research has been conducted to identify elements of effective tobacco use prevention programming for hearing youth (CDC, 1994 (CDC, , 2000 Skara & Sussman, 2003) . The absence of appropriate, tailored materials for deaf youth may result in part from the fact that this population has not often been included in such research-a situation reflective of the significant barriers to data collection among this population (Barnett & Franks, 1999; Hendershot, 1999; Jones, Mallinson, Phillips, & Kang, 2006; Lipton, Goldstein, Fahnbulleh, & Gertz, 1996; Olson, 1999) . Research is now needed to find out, first, what impact the antitobacco program would have on students' exposure, knowledge, attitudes, and practices if the program modules were fully implemented in the educational programming of schools for the deaf. Second, we need to learn what impact the program would have among deaf and hard of hearing youth who receive their education in mainstream settings alongside hearing peers. Finally, increasing attention is being paid to conducting research into how educational programs in health and other areas, once they are crafted and found to have an impact on health-related outcomes through intervention studies, can be widely and successfully disseminated. With respect to our work, research is needed to find out how to best disseminate tobacco use prevention education curricula to teachers of deaf and hard of hearing youth and their students, and how to fine-tune such programs to encourage their uptake, implementation, and maintenance once they are in the hand of these educators. This research is needed not only with respect to reaching children and adolescents in deaf residential and day school programs, but also in regard to reaching students in mainstream settings, where a great many of the nation's deaf and hard of hearing youth receive their education.
Information regarding the curricu- 
